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IKTRODUCTION 


Importance of inorganic elements in biochemical 
and physiological processes is now well established at all 
levels of cellular complexity. Although more than sixty 
elements have been discovered in bacteria, fungi, higher 
plants, animals and man, few of th^ have been studied 
intensively* In humans, the major elements are carbon, 
calcium, chloride, hydrogen, iron, nitrogen, mapiesium, 
oxygen, phosphorus, potassium, sodium and sulphur, while 
minor elements (trace elements or micronutrients) Includes 
aluminium, cadmium, chrcanium, cobalt, copper, gallium, 
iodine, raol:!^denum, nickel, rudbidium, sele^ftiuun, silver, 
strantiimn, tin, titanium, vanadium, and sine. 

Both groups of elements are required for ana- 
tomical and physiological htmian growth and development. 

Trace elements ccamprise metals in biological 
fluids at concentration below one mlexogram per gram of 
wet weight. Inspite of their scariclty, most of these are 
essential nutrients for haman beings and are required by 
the bodf in minute amounts* 

Copper and sine have many blochmnical roles aik! 
functions in the body as metalloenspaes, co-enzymes aM 
as s cenpcsient atoms of physiologically important proteins 
«ad hozBKmes, 





The synjptomB of deficiency of copper and ainc 
are now well doc-uinented. Three genetically determined dis- 


orders have been identified via.# MenKes Kinky hair disease 
C Tricho-poliodys trophy) , Wilson’s disease (Hepatolenticular 
degeneration) and acrodermatitis entropathica. Besides 
these, there are many other clinical disorders in which 
their role la suspected and is being investigated. 

First description of Iranian dwarfs presenting 
with growth retardation# hypogonadism, hepatosplenomegaly# 
geophagia^ rough skin and an©nia {Prasad et al# 1963) as a 
sine deficient condition attracted the attention of clini- 
cians for the stvtifty of *inc in various disease states. 

For more than a century, infection induced altera- 
tions have been recogni^d in the metabolism or body content 
of many substances. With respect to the trace elements, 

recent reviews have emphasized tlws consistent occurente 

^xAju^ 

during various Infections of changes in eamo concentratic® 


and SMitdbolic homeostasis of Ixon, zinc and copper. 
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Occavionai change* may also ocear in the metabolism of 
maganese, cobalt, gallitim, iodine end chromium Vikbladh 
(1950) was the first to report that semm zinc concentre- 
tions were reduced below normal in patients with acute in- 
fectious illnesses. His observations have been amply con- 
firmed in patients with bacterial, viral, ricketsial, spiro- 
chaetal, and parasitic infections (Beisel et al IgTTjHalstoad 
and «;taith 1970; Mcbean et al 1972) • 

Unlike the declines in serum zinc and iron con- 
centrations, serum copper values tend to increase in con- 
junction with proportionately higher values of the copper 
binding protein ceruloplasmin (Markowitz et al, 1955), 

She progress of an infectious conditions is partly 
affected by the overal nutrition of the -host, the duration 
of infection, the competence of liver cell functions and 
the type of therapy. I>espite these varirfales the major 
trace elements responses are remarkably consistent and can 
be ascribed to well defined pathophysiological control 
mechanism. Many of the essential trace elements like copper, 
zinc, iron and .selenium influence the function of the iranun# 
system (Chandra and Puri, 1985),. Deficiencies of these trace 
elements can have a detrimental influence on the immune' 
response. Deficiency of zinc produces thjpiic involution 
(Golden et al, 1977), decreased activity of T helper celle 


'i . 



and natural killer cell activity, reduced proliferation 

of lymphocyteff in resj^onse to mitogens, and delayed cuta- 
neous hyoersensitivity (Chandra and Puri, 1985? Good et al, 
1962? Golden et al, 1978) • liven marginal conpex deficiency 
can lead to an impaired humoral mediated ros-.-'or.sf-? (Probhaska 
and Lukasewycz, 1981? aullivan and Ochs, l9Sl) . 

A product of phago cytizlng cell leukocyte endo- 
genaus mediaters (LEM) acts on the liver to stimulate an 
accelerated flux of zinc into hepatic cells and to cause 
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REVIEW OF LITERATURE 


The name of zinc is derived from a German wrd 
meaning of untaown origin (1550 BC} . Chinese and Indians 
were having taiowledge of extraction of zinc metal as early 
as Thirteenth Centary. However, biological essentiality of 
zinc was first recognized by Baulin in 1869 for a fungus 
aspergillus nigar. It*s occurence in biological matter wis 
first described by Laucharlier and Belong in 187? but its 
presence in various tissues of man and animal was first 
reported by Lutz in 1936, 

The discovery of Keilin and Mann (1942) that zinc 
forms an integeral part of enzyme carbonic anhydrase explain 
ed its mode of action but its essentiali't^ for human beings 
was established by Prasad et al (1963) following detailed 
study in Egypt, Since then extensive study has been done , 
and now more than 80 metal loenzymes have been identified 
which are essential for various metabolic processes (Vallee 
et al, 1978) , 

Absorption and Excretion s 

Approximately 20-30% of ingested dietary zinc is 
absoibed. Absorption of zinc, which probably involves active 
transpart, is thought to occur mainly in the duodenum md 
proximal aamall intestine. 
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Prostaglandins may be involved in the absorption ■ 
of zinc in the rat since administration of indonethacin was 
found to lessen the absorption (Halstead et al 1974) , 

Zinc absorption is variable and it depends on 
factors like quality of food, body size, level of zinc in 
the diet and the presence of other potentially interferring ■ 
substances in the diet as calcium^, phytates and chelating 
agents. 

Zinc is excreted in feces, urine and sweat* Drinker 
et al (1927) reported average daily excretion of 10 iiig/day Sm 
feces while kidney only excrete between 0*1 to 0*9 mg in 24 
hours (Weisman 1976. Irrespective of season zinc loss though 
sweat is almost constant i*e* 1*15 mg/L, Prasad et al Clf-63)* 

Biochtmistry of Zinc s 

The first reports demanstrating the phenamenology 
of sine deprivation in vivo appeared to re than a hundred 
years ago (Raulin J 1369)* 

One of the most Iw^ortant discoveries concerning 
the biologic role of zinc occured in 1940* At that time ■ : 
Keilin and Mann found that zine was an essential ccanponent 
of erythrocyte caitoonic anhfdrase, an enzyme catalytically 
involved in the transport of caibon dioxide in blood. 
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Zinc is ssssmtial for the function an^/or stjraetiire 
of several dehydrogenases, aldolases peptidases, phosphatases, 
an isoiuerase, transphosphorylase, and aspartate trans caiha- 
Biylase (Vallee et al, l970> . 

These enzymes are present throughoat all phyla 
and participate In a wide variety of metabolic processes 
including carbohydrate lipid, protein and nucleic acid syn- 
thesis or degradation. 

Zinc also has been present in DNA (Shin et al, 

1968) and also in RIJA (Praslc et al, 1959) has a role in 
SJaintaining the structure. A deficiency of zinc in Euglena 
gracilis has been shown to effect adversly all the phases 
of cell cycle (C^^, s, G 2 and mitosis) indicating that zinc 
is reguij^d for bioch^ical processes essential foT cells 
to pass from to mitosis, firm s to G^ and to s (Riordien, 

1976), The effect of zinc on the cell cycle iis due to it*s 
vital role in DNA synthesis (Prasad, 1974 j Krisch^ssner, 

1976) • 

It is also suggested that cat^olism of RNA may 
be regulated by zinc (Terhuroe, 1972| Scruton, 1971), 

Effect of Zinc on cell and megtorane 1 

Zinc prevents, induced histamine release from 



Blast cells (Chvapil, 1976) , It is believed that this effect 
of zinc is due to it*s acticsi on tlibs cell mmibxtmm* 
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Digtrtooticm of Zljic in Tigsacg i 

Distribution of zinc in human and animal tissues 
(Tipton and Cook, 1963; Mcbean et al, 1972) highest values 
have been found in human prostate gland and eye. 


Serum and Plasma Zinc * 

Serum zinc is 16% higher than plasma (Toley et 
al, 1968) due to liberation of zinc from platelets during 
clotting and invisible hemolysis approximately 90% of serum 
zinc is loosely bound to albumin fraction so reduction in 
albumin concentration will result in corresponding fall of 
serum zinc (Weismen, 1976). 

Erythrocyte Zinc t 

R.B.C.s have 7-8 times higher zinc content than 
serum. The nonnal values reported in literature are 10-14 
ugytel red cells (Rose et al, l958f Prasad et al, 1965) a 
large percentage of zinc in RBO*# foras an integeral part 
of carbonic anhydrase and other anzymes. 

Leucocyte Zinc i 

H.B.C.'s contains 25 times as much as of zinc 
than erythrocytes do. The noimal ranc^ is 56.8 - 168 ug/ 
lo WBC. Eosinophil# contain higher zinc than other leuco- 




cytes (Wolff et al, 1956) 


- 


Interaction of zinc with other reetals t 


Zinc is known to compete with cadmium, lead. 



Protein calorie malnutrition in the developing 
parts of the world is prcfcably the most coiwnari cause of 
rinc d«ficl«Eicy, but estem population may be at risk from 
a marginal intake. This may be the cause in vegans, vege- 
tarian (Bodzy et al, 197?) low socioeconomic groups siib- 
sisting on low meat diets (Hamb ridge et al, 1976) and 
patients with chronic renal disease on low protein diets 
( Rose and Widden, 1972) . Diets used in the treatmemt of 
children with inborn errors of metabolism and dietary in- 
-tolerances require 'sine supplimentatioii (KLexander et al, 
1974). 


Defective absorptiem of sine may be secondary 
to the iramaturlty of its absorption this may be the cause 
in neidx>m bi^ies especially in preterm (Dauncey et al,l977) 

In 1973, Hoynahan and Barnes made the important 
discovery that all the clinical manifestations of aero 




dttZBiatitis antcxc^athica (AEj xasolwd strikingly with 


C 1|s* 1 1 \ ^ s I! 


■niipapsa aS 


evidence of defective zinc binding by duodenal juice of 
patients with AE has been reported (Casey et al, 1978). 


Porphyria 
Chronic blood loss 
Parasitic infestation 
Exfoliative dermatitis 
Excessive sweating 


Starvation 

Burns 

D.M, 

Ketoacidosis 
Diuretic treateent 
Proteinuria 
Hepatic disease 
Intra vascular 
Hemolysis 


Intravenous feteding if it is prolonged, carries 
a risk of zinc deficiency. 

This is in part secondary to the variable but 
low content of zinc in tlw administered solutions (¥an 
Caillie «t al, 1978), 


Excessive, urinary losses of zinc complexed with 
ca3±>ohydrat»s or aanino acids, or both (Freeman et al, 1975) « 
It is particularly likely to occjur during an anabolic phase 
where there is an abrupt increase in boi!^ reguironc^its and 
it is Ijzpoxtant to monitor zinc status during and after 
xeintroducticsi of oral feeding (Flmlng et al, 1976). 


r,..l .. 
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Clinical manifestations of zinc deficiency i 

The early features of zinc deficiency are variable 
and protean. They axe anorexia* growth retardation* Irapaired 
taste and olfactary sensation and mood alterations. Most 
neurological features have been described in adults with 
induced zinc deficiency (Henkin et al, 1975), 


Jitteriness and altered behaviaur have been repor* 
ted in infants ( Siva sub xamaniam and Henkln, 1978), 


The biochemical conslquences of zinc deficiency 
in hmian adults include reduced plasma alkaline phosphatase 
and lactate dehydrogenase activities* raised plasma anroonia* 
increased plasma ribonuclease activity (Prasad et al* 1978), 


Iii^alred cell mediated imraunity with poor lympho- 
blast response absent skin sensitivity reactions (Golden et 
el, 1978) , ISiymic hypoplasia (Golden et al, 1977) and defec- 
tive monocyte and polymorphonuclear leucocyte mobility have 
been associabed with zinc deficiency and may contribute to 
the infections which occur particularly in patients with 
acrodermatitis entropathica (AE) (Weston et al* 1977), 


In the pregnant rat even transient zinc deficiency 
results in an increased incideance of fetal resorption, still 
births, and abnonmalities of CHS, Skeletan, lung, urogenital 
tract, and palate in off spring# Moreover, the new bom rats 










t«nd to b« of low birtb weights with altered learning and 
behavioral patterns (Hurley and Mutch, 1973). The one abor 
tion and the two congenital abnormalities retorted in the 


seven recorded pregnancies of three women with acroderraa^ 


titis entropathica suggest that similar effects may apply 
to the pregnant women (Handaxidge et al, 1975). 


It has been speculated that high incidence of 
anencephaly in same middle ©stem countries may be the 
result of environmental zinc deficiency (Sever and Unanuel, 
1973) . Serum zinc levels in women having abnormal deliveries 
or low birth weight or preterm infant were lower than in 
wemten not experiencing such abnormalities (Jamson, 1976). 


Zinc deficiency with clinical significant® first 


came to medical attentiem in 1963 when Prasad et al des 


ezibed boys from the middle east with a syndrome of :i^or 
growth, l:^ogonadl» and anTOia. 'These reports were not 
the first description# of the clinical entity since bemiim 
had reported a similar group of patients in 1910 whose . 
malady he attributed t» parasitic Infestation. Turkish 
workers also described the syndreme, in part over 30 years 
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Aca:ode»«itltl» Batcropathica (AEi t 

Characterized by skin lesions, unremitting dia* 
rrhoea, and alopecia. It is a rare illness with autosomal 
recessive inheritance that present during infancy and 
usually results in death within three years (Walravens P.A. 
1979), 

Breast feeding of infants delays the onset of 
manifestations and this is belived to be due to the binding 
of zinc to a low molicular weight protein that enhances its 
absorption. 

Hypoquesia in children » 

H«nb ridge et ml (1972) showed decrease in taste 
acuity (hypoguesla) . Extensive studies by Henkin (1978) 
have demonstrate that zinc plays a role at several complwc 
stages of the taste process. 

Intestinal laalabsorption states * 

Caggiano and Co-workers (1969) reported a patl«at 
with malabsorption and hypogaramagldbulinemla whose growth 
failure responded to *inc therapy, 

Acne t Michaelsson et al (1977) carried out a double 
blind investigations and found that zinc sulfate was as 
effective as oxytetracyeline in the treatment of acne 
vulgaris. 


Htllstroia «t al (1977) found that alnc »ulfat« 
ims better than plac^o in the treatment of acne* 

Pfeiffer (1978) has claimed a possible connec- 
tion between zinc deficiency and lack of vitamin Bg in acne 
patients. 

Slckel cell anaeania * 

Prasad et al (1977) foimd that concentration of 
the metal was decreased in plasma erythrocytes and hair 
and that elevated urinary excretion was probably due to 
either encreased renal filtration of zinc because of con- 
tinued hemolysis or defect in the tubular rei^sorption of 
zinc. 

Nephrotic syndrome i 

Reimold et al (1980) found that both plaaraa and 
hair levels of zinc were decreased. Plaasoa zinc increased 
during resmisstion but still remained low. 

Prasad (1979) has suggested that the mechanism 
of zinc deficiency in renal disease' includes loss of zinc 
protein complexes through the glcwerulus or by failure of 
tubular reabsorption. 

Zinc and Malnutrition i 

Hansen aasd behman (1969) found low levels of 
plaiMia zinc in patients with pas. 


Goel and Mishra (1980) found that plasma level# 
of ssinc were significantly lower in all the grades of pm 


as ccttpared to the level obtained for control children. 



Kumar and .Rao (1973) suggests that aiinc is mainly 
bound to albonin, hypoalbuminamia present in patients of 
PEM also contributes to low ainc levels, 

Sharda and Bhandari (1977) zinc is an Integral 
part of DNA and HRA polymerases and its deficiency causes 
growth retardation in young animals perhaps mediated through 
an impairment of nucleic acid and protein metabolism. 



Alterations in zinc metabolism during infections *' 


A slight decline in serum albumin is typical of 
most infectious diseases, especially those that become 
chronic, but reduction in serum albumin are insufficient 
to eaqplain the rapid changes in serum zinc studies of alpha- 
2 macroglotbulin# have not slKswn changes that could explain 
the depression in serum zinc concentrations during infection 
(Hcbean et al 1972), 


Evidence obtained by radio zinc techniques and 
direct tissue analysis indicated that tt» early precipitans 
depression of serum zinc concentration during infection or 
inflamMatory states can be mecomitmA for in large measure by 
eccelerated flux of zinc from plamza to Hirer iPmamAik et al 
1973, P^rede, 1972). 
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ZINC AKD INFECTIONS : 

For more than a century infection induced altera- 
tions have been recognized in the metabolian of body coeibMit 
of many substances# with respect to the trace elements# rwstait 
reviews have emphasized the consistent occurence during vari- 
ous infections of changes in the serum concentrations and ^ 
metabolic homeostasis of iron, zinc and copper (Beisel et al 
1972 and 1974, Weinberg 1974), 

ViMjladh (1951) was the first to report that serum 
zinc concentrations were reduced bel6wi normal in patients 
with acute infectious illnesses. 

Zinc in Tuberculosis * 

Halstead and Smith (1-970) found that in active 
tuberculosis both febrile and untreated cases and those 
on usual drug therapy but still clinically active plasma 
zinc was significantly low. When the disease became in 
active the concentraticm rose. They took 324 cases in the 
study gro«^ end 89 controls, Ti»y took 46 cases of active 
tuberculosis and 8 cases of inactive tuberculosis. The mean 
values of zinc were 74 14 and 85 9 ug/lOO ml respectively, 

Stmx&M and Bhandari ( 1977) had an study on child 
hood pulmonary tidserculosis they took 27 children suffering 
from pulmonary tuberculosis, 50 were ciaatrol. They found that 
seriM zinc levels were isarkedly decreased in stu^ gxoGg» than 
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control group* Tlw mean scrum zinc level in pulmonary 
tuberculosis was 79 ^ 12 ug/lOO ml and mean serum zinc 
level in cofitrol was 123 + 23 ug/lOO ml. 

Boqden et al (1977) t Effect of pulmonary tuberculosis 
on blood concentrations of copper and zinc ttey toolc 30 
tubercular patients and 20 controls for estimation of zinc 
concentration in plasma and 36 patients of tuberculosis and 
42 controls for zinc estimation in whole blood. The mean 
plasma zinc level in tubercular patients was 62 (9*49) ug 
(u md/L) and in control it was 87 < 13.31) ug (u md/L) . The 
mean whole blood zinc concentration in tiA>ercular patients 
was 556 C85.07) ug (u md/L) and in control 699 C 106.95) ug 
(umd/L). 

They interpreted that the wtole blood zinc was 
significantly lower. There was no significant difference 
in erythrocyte zinc cc^icentrations beisreen the TB patients 
and controls* 

Lindcman and colleagues (1971) have reported no 
sl^iflcant effects of age and sex on eiythrocyte zinc con- 
centrations* They did find that plasma zinc decreases by 
about 3 u?p/dl (0*46 umol/1) with each decade of age. 

Recent evidence suggests that the sex of the ; 
subject has no effect cwj serum copper levels* and the 






effect of age on serum copper level is small with an 
increase of only 2 ug/dl (0.31 iimol/l> with a ten year 
age increase (Yunice et al, 1974),. 


Khatri et al (1981) had an study on serum zinc 
in pulmonary infections. They took 11 patients with tuber- 
cular infection and 20 noaaial healthy controls. The mean 
serum zinc levels .in .pulmonary tuberculosis was 74.2 +; 27.21 
ug/dl. 


Values in patients with tuberculosis were lower 
than control but the difference was statistically not sig^ 


Niculescu et al (1981) studied changes of zinc in 
seruBu of patients with silico-ti^erculosis, and active lung 
tuberculosis. They took 45- patients with silico tuberculosis, 
28 patients with active lung tuberculosis? the T.B. patients 
were selected as regards their "activity" according to the , 
following criteria i The tubercle bacilli presence in spntm, 
and radiological, inwranological, and clinical criteria. 

The control group consisted of 40 healthy persons. The mean 
serum zinc values in silieotuberculosis was 92,27 ♦ 34,37 ug/ 
loo ml. In active lung tuberculosis i^an serum sine level was 


The mean values of zinc in silicotuberculosls 
and active lung tuberculosis were significantly decreased 
as compared to controls. The zinc level decreased by 
with silicotuberculosis group and by 31% in the tuberculosis 
group Vs the control. 

Gupta et al (1984) status of zinc in pulmonary 
tuberculosis, 30 patients of pulmonary tuberculosis 15 male 
and 15 female and 20 normal healthy individual lO male and 
lO female of identical age and sex as control. 

The severity of ttft^erculosis was classified by 
X-ray chest into three stages, according to the criteria 
by National Tuberculosis Association, USA (1961). 

Stage - I t Slight to modterate density without d«nonstrabl« 
cavitation and the area does not exceed the volwne of lung, 
which lies above the second costochondral junction, may be 
bilateral. 

Stage -II t Slight to moderate dance opacity which does 
not exceed 1/3 the lung volume, may be bilateral and the 
size of cavity if present must be less than 4 cm. 


* Lesions which are more extensive than modera- 


tely advanced. 
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The mean sermi zinc level in tuberculosis patient* 
wa« 61 ,86 9,60 u.g?£ and in control it was 99*8 + 10,84 iig%. 

In male tuberculosis patient the mean serum zinc level i«is 
64,13 9,22 and in control 99,3 hh 10,63 In female tuber- 

culosis zinc level was 59,66 + 9,44 and in female control 
100,3 + 11,03 ug%. 

The serum zinc level ,in control subjects of diffe- 
rent age groups was within normal limits. There was no ctwaige 
in serum zinc level in -relation to age and sex. The level of 
serum zinc was significantly low in, both male and female 


patients having tuberculosis. Tl» 7 cases of stage 1 were 
having the mean serwn zinc level 69,57 t 11,81 14 cases 

of stage II wre having the zinc level 62,71 + 6,90 and 9 
cases of stage III were having the mean seriaa zinc level 


53,33-j;;; 3*80 ung%, ' 

Serum zinc: level decreases as the severity of 
disease increases. So in stage 'III tuberculosis level of 
zinc markedly reduced, 

Sinha et al <1985) raported the importance of 
serum zinc and copper in pulmonary ti&erculosis of childlwod. 
They took 140 cases in the age groiqs of 9 months to 12 years, 
40 normal children were tak«ai, to serve as control group. 
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They categorized tuberculosis into two group '©stive and 
inactive. Active which was sputwan or/gastric aspirate posi-- 
tive for APB, Inactive which was sputum or gastric aspirate 
negative. 

The mean serum zinc level in active pulmonary 
tuberculosis was 79.87 + 12 ug/dl, in inactive pulmonary 
tuberculosis was 130,35 + 12,94 ug/dl and in control it 
was 130,95 * 22,53 ug/dl, 

dd I 

Serxra zinc level was marleedly demished as compared 
to control group. More or less similar values were seen in 
both control as i«ll as in inactive pulmonary tuberculosis. 

There was anotlMsx study on serum zinc and copper 
in tuberculosis (Ahmad P, et al, 1985) in which 30 children 
suffering from tuberculosis and 35 normal healthy age and 
sex matched children serve as control were taken. In all cases 
seriw zinc was estimated before and 4 weeks after starting 
ctieiBO the ra®»y ♦ 

The mean serum zinc level in tubercular patients 
before chemotherapy was 63.07 + 5,4 ug/dl end after chemo- 
therapy was 76.1 + 3.1 ug/dl, whereas in control 98.66 ^ 11,4 
ug/dl. 

Observations of this study was ' significant hypo- 
zincemia in cases of pulmonary tebercialosis# as centered to 
normal childx«a» Strial estimatient of serum zinc after 4 weeks 
of amtitzbereular then^py indicated a significant rise in serum 
zinc levels Cxtead P et al« 1985), 
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Hii« (1989) sttidi«d SBXtm zinc in 72 patient# with 
pulmonary tuberculosis, 50 healthy person as control. In 
petients of tuberculosis serwn zinc- was significantlY de- 
creased when con^ared with controls. 

Zinc and non tubercular Infection i 

ViJdjladh (1950) was the first to report that serum 
zinc concentrations were reduced below normal in patients 
with acute Infectious illnesses. They were taken mainly the 
patients of pneianonia, bronchitis, pyelonephritis, found the 
decreased serm zinc levels significantly as ccm^ared to con- 
trol group. His observations had airqply confirmed in patliasts 
with bacterial, viral, rickettsial, spirixihaetal and parasitic 
infection (Beisel et al 1972, 1974? Halsted et al l970f Mebeaa 
et al 1972). 


■' 1 , 


Sinha and Gatorieli (1970) had study on serum zinc 
and copper * levels in various pathological conditions, they 
took 967 eases of different pathological condition. Out of 
967 cases, 38 were of pneumonia rest were of non infectious 
cases. Control group was comprised of 200 healthy subjects. 
Author concluded that serum sine level was markedly decreased 
in pneumonia, and other pathological conditicms of non infec- 
tious in origin as compared to control. Mean sertsn sine level 
in pnermcuiia was lOS ^ 27 tug/iQO ml whereas mean serum sine 
in control si^njects was 120 + 22 ag/lOO ml. 




Srinivas et al (1988) had an study on trace element 
alterations In infectious diseases. They were included 53 
patients which waS' divided into five different types, of infec- 
tions. 11 patients of septicemia, 14 patients with pneumonia 
17 patients of viral infections, 3 patients with acute bacte- 
rial meningitis were also studied. 

The mean plasma levels of zinc in sepsis was 9,4 hk 27 
u mol/L, in pneumonia *, 2,7, in viral Infectious 12,4 ^ 1,6, 
in meningitis 5,2 2,2 u mol/L and in control it was 12,8 ^ 1,® 

oaol/b. 

The zinc concentrations were significantly lower 
in all groups as compared with healthy controls with the ex- 
ception of patients with viral infection, where the values of 
zinc were not significantly different from healthy controls. 

They also analysed trace elements in six patients 
of sepsis and six patients of pneumonia during recovery from 
infection (38 19 days for pneumonia and 13 - 8 days for 

sepsis), M. though these values started returning to normal, 
they still differed significantly whoa compared with healthy 
control values, 

Khatri et al (1981) studied sem zinc in pulmonary 
infecticxns. The study was coxi<!htcted on 5 patients with ncm 
tubercular pulmonary infections and 20 normal healthy centrols. 
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Among thos® with non tt&ercular pulmonary infaction# (3 with 
bronciKJpneumonia and 2 with lobar pneumonia ) 3 were below 
2 years and 2 between 2 and 4 years. The mean serum zinc 
level in non tubercular pulmonary infections was 70.4 _+ 15,5 
ugm/dl as ccmpared to the normal healthy controls where serum 
zinc level was 9l.2 25.6 ug/dl. The reduction in serum zinc 

level in nontubercular pulmona.ry infections was significant. 

Zinc and hepatitis i 

Serum zinc concentrations during acute infection# 
hepatitis ^nerally decline to values comparable to those 
observed in other types of infections (Caveidss et al,l964f. 
Halsted et si, I970f Henkin et al, 1972? Kahn et al, 1965? 
Karlinskii et al# 19655. bow serum zinc were found in patient# 
of infective hepatitis following hyperzincuria. The zinc in 
serum was found to exists almost entirely in a diffusible 
states as compared to 30% to of serum zinc tightly bound 
to an alpha aiacroglobulin in normal perscms* 

Sharda and Bhandari (1977) studied serum zinc ccai- 
centration in acute viral hepatitis. They were included 20 
children 2 to 7 years of age suffering from acute viral 
hepatitis and 20 normal children a# control. 




The diagnosis of hepatitis was based c» epidemio- 
logy# history# clinical examination and elevated serum enzymes. 
The mean serum zinc level In viral hepatiti# was 58 ♦ 15 mg/ 
loo ml wliereaui in controls it was 116 e 20»5 mg/lOO ml. 

i 





««rua zinc levels*, Serum total proteins, A i G ratio were 
same as in normal controlsi ^PT, alkaline phosphatase and 
serum bilirubin were elevated in acute viral hepatitis. The 
mean serum zinc in viral hepatitis was significantly decree' 
sed than controls. 


Halsted et al { 1968) were alos feund that plasma 
zinc yms 1-2 SD below the control in patients with viral 


A low serum zinc concentration is a non specific 


finding occuring in many types of liver diseases (Halsted. 


Alone study of Kahn et al (1965) was contrary to 
the other studies that sermn »inc was elevated in 10 patients 
with viral hepatitis instead of depression of zinc /values in 
hepatitis. : ^ ^ ■ 


■ Serum zinc levels were estimated by AAS in 56 
leprosy patients* 42 normal healthy subjects as controls. 

A significant reduction in zinc was noted throughout the 
leprosy spec trim. Mean serum zinc -level in 'leprosy patients 
was 74,86 * <••89 ug/lOO ml whereas in controls the mean 
serum level of zinc was 118.0 * 27.0 ug/lOO ml, Rao et al. 
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COPPER I 

It has been known for more than lOO years C Under- 
wood, 1977) that copper Is a component of haaocyenin, 

•vv 

respiratory pigment of snails. liart et al (1928) were the 
first workers to notice that copper has a biochemical func- 
tion in mammals. 

Copper was then found to toe essential, along with 
iron for normal erythropoisis. 

Copper is present in serum in atleast two fracticm 
(1) A transport fraction (approximately 5%) losely bound to 
albumin, (2) Ceruloplasmin (approximately 95%) firmly bound 
to Jlc^ulin (Wintrobe et al, 1953; Gulter et al, 1953), 

Recrulrement and Sources t 

The daily requirement of copper vary between 0,08 
iiig/kg of body weight for infants and 0.03 mgAs for adults 
(WHO technical series, trace element in human nuttition, ■ 
1973) . 

Heat, fish and green leafy vegetables are rich in 
copper content. The estimated .dietary intake of copper frcw 
a typical Indian diet is around 2 aig/day, 

Absorption i 

Copper by forming con^lexes with amino acid, is 
i^soxbed by active process and some of it is associated with 




ffletallothlonine, in the mucosal cell* The copper is trans- 
ported in the blood to the liver, where ceruloplasmin syn- 
thesis takes place ( Soloroons, 1977) . 

Excretion i 

Copper is excreted through urine, sweat and bile, 
however, the amount of copper in urine and sweat is very 
little. The main portion of it is excreted in the bile, major 
part of which is again absoibed. Turnover studies of Cart- 
weight atnd v/introbe (1953) indicate that three fourth or 
more of faecal copper represents biliary secretion. This 
amount will be further increased to several folds in the 
presence of diarrhoea. 

BIOCHEMISTRY i 

Copper dependent enzymes » 

Ensymes are proteins which catalyze specific meta- 
bolic reactions and some of them tightly bind a metallic ic® 
which is ess«ratial for «asyraatic activity, Imown as cu^roen- 
zymes with the exception of tryptophan-2, 3-dio3^g®na8e* 

Brady et al (1972) reported that this enzyme, purified from 
both rat liver and pseudomonas acidovorous, contains 2 gram 
atoms of copper and 2 moles of )»me per mole of tetrameric 
enzyme* ■ ^ ^ 

Ishlmura and Hayaishi (1973) did not find a stoi- 
chiometric quantity of copper in a tryptophan dioxfg«aa»« 





Cii) Ferroxidases * incladiug ceruloplasmin, that have an 
important role in iron metabolism, 

(iii) Copper amineoxydases required for the cross linking 
of elastin and collagen. 

(iv) Superoxide dismutase that removes superoxide free 
radical anions (Mam, 1938# McCard et al, 1969). 

(v) Ascorbic acid oxidase. 

(vi) Tyrosinase, which is required for the synthesis of 
melanin. 

Metallothionine, another cuproprotein, is currently 
the subject of considerable discussion and controversy, but 
appears to play an central role in copper metabolism especia- 
lly in the liver. Another l^patic cuiproprotein, mitochondro- 
cuprin, which ecmtains 2 to 4% copper, is specific for the 
neonatal period and accounts for the large stores of hepatic 
copper in the term necsiate. 








Anaemia and Copper t 

24 * 

Iron is absorbed as Fe and must be converted to 
St 

Pe to be transported by transferrin, The plasma iron bind- 
ing protein ceruloplasmin is a ferroxidase is required to 
catalyse the oxidation of Fe at a rate which will allow 
normal absorption and transport of ircm (OsaJd.* 19663 . 

Cartwrite et al (1964) and Lee et al (1968) found 
that the eiythrocytes in copper deficient animals have a 
shorter life span than normal. Copper deficiency is thought 
to interfere with haem synthesis in three ways , 

( i) By deminishing iron transport into mitochondria 
(Goodman et al, 1969), 

(ii) By inhibiting the activity of ferrochelatase ( Trephly 
et al, 1978) • 

(iii) By reducing the concentration of the copper iron 
enasyme cytochrcme C oxidase, Hari et al (1928) suggest* 
that copper might be effective in treating anaemic 
infants. 

Cooper in Blood * 

Wintrobe et al (1953) found that about 49% of 
the copper in wtole blood is in the BBC# where the concen- 
tration is about 110 ug/dl of BBCs, unlilce the plasma copper 
there is very little species variation in mc copper (Evans 
et *1, 1967), 
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Gubl«r (1953J rifported that in plaiwia# lAsout 
of the copper is present as ceruloplamnin and only about 
8% of the ceruloplasmin is present as apoceruloplasmin 
(Katsuda et al, 1974). 

Copper in Milk $ 

The concentration of copper, unlike that of zinc. 


seems to be no higher in colostrum than in mature mild (Hassl 
et al, 1974) . 



underwood (1971) observed bone defects in rabbits. 


pigs, chicks and dogs. Rucker et al (1969) observed' that | 

copper deficient chick bcaie contains a higher than normal 
proportion of soluble collagen and that sol^^le collagen 
froa deficient bone has less aldihydic function than normal. 

Cardiac failure associated with cc^per deficiency 
was first observed in Cattle and was termed "falling disease* 
(Underwod, 1971). 

Kelley et al (1974) reported heart failure in 
young rats whose dams consumed a copper deficient diet. 

The integrity of vascular syst«n. particularly 
of the large arteries, is dependent lately upon the quality 
and quantity of collagen and elastin in the vessel walls the 
x^ole of copper in cross linking and maturation process had 



in the ataxic disease "swayback *• or enzootic "neonatal ataxia** 
in the neiriborn laiito, in these affected sheep there was exten- 
sive demyelination of the CNS, and the brain mitochondria 
showed depiition of cytochondrcxne C oxidase (Underwood et al# 
1971) . 

Widdowson et al (1972) found that at term about 
half the copper in the body is present in the liver, where 
it is bound to the protein, recently identified as a metallo- 
thlonein, (Porter, 1974 1 ^d l^den et al, 1978), 

Widdowson (1961) found that after birth, the con- 
centration of copper in the liver falls as the copper is used 
for growth, though the total .amotmt ultimately increases 
because of the increase in size of the organ. 





X-1 Inked recess ively inherited disease. This disease appa- 
rently not associated with neutropenia and anemia (williams 
et & 1 , 1971 ) there are pill torti, typical bcsse changes. 


arterial intimal changes, seisures with developmental regre 


age of 2 years. Plasma copper and ceruloplasmin levels are 
very low (Matsuda et al, 19741 Williams et al, 1977/ Dank# 


et al, 1972/ Molekaer, 1974/ Lott et al, 1975 and Daish et 


al, 1978) . Cc^per absorption is deffective (Matsuda et al 
1974 and Williams et al, 1977) * 


ssive condition, characterized by progressive cirrhosis of 
the liver, renal malfunction . with aminoaciduria, glycosuriaj 
neurological degeneration and Kaysez-fleiseher rings in the 
cornea. These manifestations are due to e/ocessive accistiula— 


tion of copper in the tissues which result from diminished 
excretion of copper in the bile (Schelnberg et al, 1976/ and 
Strickland et al, 1972), 


Ssrtui ceruloplasmin level is reduced than normal 
(Gubler et al, 1953) , 

Evans et al (1973) have isolated a metallothionen 
with high affinity for copper from cases of WiLfon* s disease, 

Klingbert et al (1976) suggests that zinc defi- 
ciency to be avoid during treatment with penicillamine. 


Summary of changes in serum copper with age t 


Age 

Serum ( 
ug/dl ; 

cooper 

t s® 

Reference 

Cord blood 

29 

jh 

11 


Henkin et al# 1971 

5 days 

47 


9 

1 






J 


1 month 

63 


17 

1 






1 


3 month 

81 

ti, 

17 

i 

Ohtake# 1977 





I 


5 month 

104 

i 

25 

X 






1 


6-1 2 month 

111 


19 

1 


6-1 2 years 

109 


17 


Ohtake & Tamura# '1976 


Alteration in copper metabolism during infection i 

The declines in serum zinc and iron concentration 
however# serum copper values tend to increase in conjunction 
with proportionately higlmr values of the copper binding 
protein# ceruloplasmin. 


2 ^ 

Ceruloplaemln is an alpha-2 globulin with a 
molecular weight of approximately 1,51,000 and a copper 
content of 8 atoms per molecule a small fraction of copper 
in serum is bound loosely to albumin but roost is transported 

by ceruloplasmin (Markowitz et al, 1955) . I 

I 

Changes in copper metabolism during acute infec- 
tions ox inflammatory states are secondary to an increased 
hepatic synthesis and release of ceruloplasmin (Pekarek et 
al, 1972| Markowitz et al, 1955), There is accelerated pro- 
duction of many other specific serisn proteins during infec- 
tion or other inflammatory' states, proteins of this group 
have been classified together under the tern "Acute phase 
reactant proteins'* and in haptoglobulin, alpha, antitrypsin, 
fibrinogen, C -reactive protein, seromucoid, 

Powanda et al (1972) found that the increases 
in serum copper and ceruloplaanin concentrations like other 
acute phase reactant proteins during Infection or Inflaswia- 
tory states appear to be mediated by leukocyte endogenous 
mediator (ISM) , The increase in serum copper and cerulo- 
plasmin concentrations persists for a relatively long period 
of time into convalescence in ccaitrast to mote rapid return 
of zinc and iron values to their individual baseline values. 

The persistence of high cqpper and cexuloplamaln conc«itra- 
tions has beeaa attributed to the relatively long half dis- 


appearance tiiRe of the protein. The increase in both copper 
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ai3<S ceruloplawnin concentrations of serum occur 


s in acut« 


hepatitis as in other infections (Brendstrui 


p, 1953 and 


Trip et al, 1969) . 


roi^PJB IKFBCTIOK i 


logmen et al (19771 t Effect of pulmonary tuberculosis on 

blood concentrations of copper they took 3o tubercular 
patients and 20 controls for estimation of copper concentra- 
tion in plasma and 36 patients of tubercuiog^g 42 controls 
for copper estimation in whole blood. Mean plasma copper in 
tubercular patients was 162 ^ 35 ug/lOO ml whereas mean 
plasma copper in controls was 110 + 19 ug/lgo ml. 

The 'udiole blood copper in tubercular patients 
was 160 i 36 ug/lOO ml whereas in controls it was 112 20 


ug/lOO ml. 


They interpreted that the whole blood copper and 
plasma copper was significan.tly higher in the samples fraa 
tubercular patients, as compared to controls. 


Hiculescu et al (1981) studied changes of cpppair# 
in serum of patients with silicotiiberculosis, an <5 active luang 
tuberculosis. They took 45 patients with silicotuberculosis. 
28 patients with active lung tuberculosis, the T.B. patients 
were selected as regards their "activity" according to the 
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following critexia i 

Ttie tubercle bacilli presence in sputum and 
radiological, inrounological, and clinical criteria. 

The control group consisted of 40 healthy persmis 

The increase of the copper values in the silico- 
tuberculosis and in active lung T,B, is significant 195,11 + 
28,25 mg/1 00' ml serum representing a 70% increase Vs the 
controls in the silicotuberculosls group and 209,82 + 42,69 
ug/lOO ml (83% increase Vs the controls) in the active tuber- 
culosis groip, 

Sinha et al (1985) reported the importance of 
serum copper in pulmonary tuberculosis of childhood. They 
took 140 cases in the age group of 9 months to 12 years, 

40 normal children were taken as control group. 

They categorized tuberculosis into two group - 
active and inactive. 

Active which was sputiw or gastric aspirate 
positive for APB. 

Inactive which was sputum or gastric aspirate 

Negative. 

Mean serum copper in active tuberculosis was 
164,1 + 6,27 ug/dl and in inactive pulmonary tuberculosis 
it was 108,8 t 5,62 ug/dl, whereas in controls mean seme 
copper level was 114 + 6,67 ug/dl. 


Mean cerian copper level was increased in active 
tuberculosis as compared to control group* Itore or less 
similar values were seen in both control as well in in- 
active pulmonary tuberculosis* 

Ihere was another study on senan copper in tuber- 
culosis in which 30 children suffering from tuberculosis and 
35 normal healthy age and sex matched children as control. 

In all cases serum copper and zinc was estimated before and 
4 weeks after starting chemotherapy. 

Mean serum copper level in ti&ercular patients 
before chemotherapy was 150*6 + 11,5 ug/dl whereas after 
ch«motherapy (4 weeks) it was 137,2 + 8,7 ug/dl. Mean serum 
copper level in control was 108,1 ♦ 8.9 ug/dl. 

Observations of this study was significant hyper- 
cupexmia in cases of pulmonary tuberculosis, as compared to 
normal childreai. Serial estimation of serum copper after 4 
weeks of antlfcubercular therapy indicated a significant fall 
in serum copper lire-els, Ahmad P, et al (1985), 

Kua (1989) stmidled serum copper in 72 patients 
with pulmonary tuberculosis and 50 healthy persons as controls. 
There was significant increase in serum copper level in patients 
of pulmonary tuberculosis as compared to controls. 


Copper and non tubercular infcctiong i 


Slnha and Gabrieli (1970) had study on seriM 
copper levels in various pathological conditions, they toolc 
967 cases of different pathological condition. Out of 967 
cases, 38 cases were of pneranonia., rest were of non infec- 
tious cases. Control group was comprised of 200 healtl^ 
sub jects. Author was concluded that the serws copper level 
was increased in pnetanonia and other pathological condition® 
of non infectious in origin as coi^ared to control. Mean 
serum copper level in pneisnonia was 162 + 36 whereas in con- 
trols it was 123 + 23 ng/lQO ml. 

Srinivas et al (1988) had an study on trace 
element alterations in infectious diseases. They took 53 
patients which was divided into different types of infection®. 
11 patients of septiceuia, 14 patients with pnetEnonia. 

17 patient® of viral infectious. 3 patients with 
acute bacterial mining! tis were also studied. 

12 healthy subjects acted as controls. 

Mean serum copper level in spesis was 25.1 + 6,8 
u mol/L, in pneumonia 23,0 ± 8,9 u mol/h, in viral 22,8 + 5,0 
u mol/JL, in meningitis 21,7 9.2 u mol/L whereas mean serum 

copper linrel in controls was 16,6 + 3*75 u mol/L, 

The concentration of copper was high in all 
group®, it was highest in patients with aepsi® as ccsnpared 
with healthy control®, ' 


They also analysed trace elenaeats In six patients 
of sepsis and six patients of pneTxnonia during recoirery from 
infection (38 + 19 days for pneianonia and 13 =* 8 days for 
sepsis) , Although these values started returning to normal# 
they still differed significantly when ccanpared with healthy 
control values. 

Copper in Leprosy s 

Serum copper levels were estimated by a AS in 56 
leprosy patients comprising of 14 BT# 12 DB, 11 BL and l9 LL. 
These findings it were evaluated in comparison to 42 normal 
subjects serving as controls, h signifidant elevation of serum 
copper was recorded throughout the leprosy spectriam. Mean 
serum copper level in leprosy patients was 211.73 + 15,94 ug/ 
loo ml whereas in controls it was 114,0 +_ 37.0 ug/lOO ml Kao 
et al (1985). 

Pathophysiologic mechanisms that can account for alterations 
in trace element conc^utratiiai t 

Alterations in the binding of zinc and copper to 
their respective specific and noo specific binding proteins- 
and ligands occurs during infection the accelerated rate of 
hepatic synthesis of ceruloplasmin appears to account for tile 
increased cancentratlons of copper observed in serum. In 
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contrast the early disappearance of zinc frt»n serum appears 
to occur without appreciable concomitant change in concen- 
tration of their respective binding proteins. 

In the patients with infectious hepatitis, the 
zinc in serwn seems to exist in an ultrafiltrable form 
{Henkin and Smith, 1972), 

Alterations in body distribution of trace elements 
during an infection, the accelerated flux of zinc into the 
liver and the increased output of the copper cerulc^lasmin 
complex from the liver cells, appear to represent physiologic 
responces initiated by the action of leukocyte endogenous 
mediator (bEK) • 

Trace elements are required for the growth and 
replication of bacteria, ftmgi and parasites. 

Trace element changes are also associated with 
changes in secondary manifestations of hormonal responces, 
occur during infection. Infectious process may cause an' 
increased secretion of the adrenal glucocarticoids and mine- 
ralocorticoids, ^TH, growth hormone, ADH, thyroid hormones, 
glucagon and the cateclxjlamines (Beisel, 1967), 



It was xoc«ntly been observed that a substance with 
hormone like pwapextieM is released ^ f ixm pha^cytizing while 
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blood cells into the sertan during infectious illnesses 
C Eddington et al 1971 and 1972? Kampschtnidt et al 1973-74 1 
PeXarek et al 1972-74 and Wanneaiacher et al 1972) . This 
substance has been termed as LEM and has direct action upon 
the liver causing important effects on the metabolism of 
zinc and copper (Eddington et al l971-72f Fakareketal, 

1972-74) « 

Leulcocvtic Endogenous mediatorCLEM) t 

LEM' exerts its principal effects upon the liver' 
but can also stimulate the release' of phagocytic cells 'f ran 
the bone marrow (Kampsctoidt et al 1973-74). 

Lm has been shown to circulate within the serum 
of man and experimental animals during febrile infections 
or inflartro'atory states, Cwannemacher et al 1972), 

LEM ;is ■ also ' released in vitro by polymorphonuclear 
leuJcocytes, macrophages,' or monocytes that have been activated 
by stimulating them to'- engage . in' phagocytic; activity (Kamps- 
chmidt et al 1973-74 and Pekarek et' al 1972-74), ; 

ACTION OF LEM OK TRJ^SPORT SITES s 

LEM stimulates' the hepatic cells to take up iron, 
zinc and a large nusiber of free sminoacids from the serun 
(Kampsclmiidt et al 1 973-74 1 pekarek, 1972 and Wannemacher 
et al 1974). 
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LEM does not aem to exert its effects via the 
activation of adenylate cyclase or increased formation of 
cyclic adenosine monophosphate (Ci^MP) (wannartacher ©t al 
1972), 

In stimulating an accelerated flux of various 
substances into the liver, L®! does not appear to function 
as a metal transport or binding protein by forming bands 
with either zinc or iron (Pekarek et al 1972). 

Heutrophils produce both lactoferrin and LQd. 

If lactoferrin is released from phagocytizing IvBCs It can 
function as a transport protein in assisting the movement 
of iron from serum into the liver and other tissues (Masson 
«t al 1969) . 

LEK stimulation of protein synthesis t 

LEM has second series of action on hepatic cells 
thereby stimulating the accelerated synthesis of nuclear and 
riboscsnal MA (Wannemacher et al 1972), 

It also causes rough endoplasmic reticulum of the 
cells to accelerate its synthesis of various acute phase 
reactant proteins ( Eddington ^et al 1971-72? Kampschmidt et al 
1973—74? Kekarek et al 1972—74 and Wannemacher et al 1972), 
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ERIAL A K D METHODS 

®hte present study was carried out in the Di^aitment 
of Paediatrics, M.L.B. Medical College Hospital, Jhansi U.P, 
Ihe e8tijRati<Ma of serum ainc and copper was done by Atxanic 
Absorption %ectr^etery in the laboratory of division of 
Endocrinology at Central Drug Research Institute (CDRI) , 
bucknow, U.P. 

Selection of cases i 

A total of 64 cases included in this study were 
divided into two groups. 

Control GrotHP t Tmn cases of ege and sex matched healt!^ 
children without any evidence of severe grade of malnatri- 
tlon, hepatic, renal disorders or recent infection, were 
included in this group. 

Study Groap t Our study grcnip coaprised of 54 cases, Hone 
of them had previous history of hepatic, renal or other 
infection depending on iAm nature of illness this group was 
further subdivided into bacterial, viral and protozoal in- 
fections, 13ie diagnosis was cxxaprised on the basis of history, 
clinical examination and investigations. 


g^cetiqai of emmtew t 


The detailed history and clinical examination vaa 
done in all cases. Patients with different type of infections 
were studied. The patients with lobar pneumonia (n * 6) bad 
an X-ray picture consistent with the diagnosis and responded 
well to antibiotic treatment, raised ESR and leukocytosis. 

The patients with Enteric fever (n * 10) had posi- 
tive widal test. The patients with pyogenic meningitis (n • 6) 
had raised protein and decreased sugar and increase in poly- 
morphs in CSP, and well responded to antibiotics. 

The patients with primary pulmonary tuberculosis 
Cn » 5) had positive Man taux test raised ESR and lymphocytosis, 
positive X-ray chest. 

The patients with tutoercular meningitis Cn • 7) bad 
CSF findings consistent with TSM. ESR was raised and diffe- 
r«ntial co'unta showed lympboeylxysis. 

patients of postmeasles bronchopiieiaaonia tn * 5> 
bad positive X— ray chest finding of brcaachopneumonia and ^sl— 
tive 1^0 measles. 

The patients of infective hepatitis (n * 5) had 
raised liver function tests e.g. - S.biliruibin, SCOT, SGPT, 

S. J^lbaline pbospbatsse, Eile salt, Hile pigments. ■ 


Iji 

The patients of Malaria (n - 10) had positive 
blood film for malarial parasite and well responded to 
antiuialarial treatment. 

Each group- of infections was consistent with the 
diagnosis clinically as well as investigation findings. 

Histo.ry I Detailed history of each case was recorded from 
the parents or attendants on the planned sheet# which included 
name# age# sex# chief ccwjplaints# present illness# relevant 
past history# family history. 

Physical Examination % 

General Examination t General condition of the patient, 
pulse rate# respiratory rate# pallor# cyanosis, clubbing# 
icterus# ly«pha<3tenopathy, oedema# temperature# B.P, any skin 
changes# hairs, 

Anthropometric Examination s 

Height# length# weight# head circumference# mid 
arm circiaaference. 

Systemic Examination i 

Thorough systemic exaninaticm was done according 
to disease concerned. Respiratory systesn# CVS# CNS# abdominal 
system# 

Investiciaticn i 

Routine inveatiqationa t According to the nature of allraents 
investigations were selected from the given list. 




gen. Bile pignent. Bile salt, culture and sensitivity 
was done fran the Department of Pathology of K.L.B, 
Medical College, and Itospital, Jhansi, 

Hantaux test - done from District T,B. Hospital, Jhansi, 

Liver function test s Serum Bilirubin, SCOT, SGPT, Ser«n 
Alkaline phosphatase done from Department of Biochemistry, 
M,L.B, Medical College and Hospital, Jhansi, Estimation of 
Serian Zinc and Serum Copper of each selected case was dcme 
by Atomic j^bsorption Spectrc^hotometery (AAS) using PEHKIlf 
ELMER llOOB Model from The Division of Endocrinology, cma^ 
Lucknow. 

Collestion of samples i . , 

Five ndllitres of blood sample was draum from aosti- 
cubital vein, using stainless steel needles and acid cleaned, 
sterilized glass vials which were thotsoughly washed with 
chromic acid and dbuble distilled miter. Serum was separalaed 
by centrifugation of sas^les at 3000 r.p.m, fbr half an hour 
and places in thoroughly ^ cleaned plain vials. Necessary pre- 
cautions were taken to avoid contamination. Most of idtie 
samples were analysed on ttsi saa^^lf not then they were 
in deep fxmnam entill enalysed. 





The estimation of sexvan aslnc and copper was 

'" ** ^ J* *. Jt .» .# ^ ^ 


PERkXN ELjMER 11 00 B Model* Atomic ^so.i::ptiort Spectrophoto*- 

meter, installed at the laboratory of Division of Endocri- 
nology, Central Drug Research Institute (cura), Luc}:now,U,p. 
InstruBiental conditions for roeasurenient of at-sorfcence of the 
samples are listed in the table given below. 


Parameters 


Atomic Absorption Spectrophotometry technique 
used in the present ^ study was preferred because of its 
specificity, sensitivity, precision, simplicity and rela- 
tively low cost pet' analysis in comparison to other methods. 

Table t Instrumental parameters for measurement of 
Serum Zinc and Copper by Atcmic Absorption 
Spectrophotometer {PERKIK ELMER 1100 B ) 


Cof^er 


Wave length 

Slit width 

Lamp current 

Concentration to give 
0.25 absorbance 

Flame 

Gas pressure in Tank 
Support '(air pressure) 
Gas used 
Sensitivity 


zinc 


3247 . 5 ®A 

loo u 

3 II A 


21 38. 6® A 

loo U 

6 mA 


.2.3 ug/ral 
A“»At, A— e. A— P 
lo p. s.i* ' 
15—18 p.s.i. 
Acetylene 
0*04 t:^iia 


0.7 ug/ml 
A— A, A— e. A— p 
10 p.s.i. 
15-18 p.s.i. 
Acetylene 
0.013 ng/mX 




Introduction i 


4S 



In i860, Kirchoff and Bunsen, observed that the 
wave lengths of the dark Fraunhofer absorption lines in 
the solar spectrum coincided with the wave lengths of ele- 
mental lines in various emission spectrims. Eased' ur>on the 
assumption that atoms absorb light at the same we%'e lengths 
as they emit light, Kirchoff and Bunser deduced the presence 
of several elements in the solar atmosphere. 

In I955, Walsh showed that this phenomenon of 
atomic absorption could serve as a spectrochemical basis 
for quantitative determination of metals. He demonstrated 
that this measurement of metals by Atomic absorption Spectro- 
metry are more sensitive than measuraaents by flame emissicm 
spectrophotometery and less subject to interference frcm 
other elements. The subject has been comprehensively reviewed 
by various workers (Allan, 1962 1 David, 1960? Allan, 1962? 
Fuwa and Vallee, 1963? Meret and Henkin, l97l? Sunderman, Jr, 
1973? Butriomovits and Purdy, 1977 and smith Jr et al, l979l. 




Principle * Aspiration of the serum into burner produces 
thermal molecular dissociation and dispersion of metal atoms 
throughout the flame, Snail proportions of these atoms becc«n« 
excited to emit light but the overwhelming majorities of the 
atoms rcsptiain in the ground state and are capable of absorbing 
discrete wave length of Incident light, ll^se specific wave 
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lengths are provided by a lamp with a hollow cathode* 

Beam of the light is passed through in flame several times# 
and then is focussed upon. the enterance slit of a differx- 
action grating monochrometer. The absorptions of light at 
the specific wave lengths are proportional to the concentra- 
tion of that particular metal in the sample. 

The abundance of atxans in the ground state in 
ecmiparison with tiiose in the esteited state accounts fox 
the gxeater sensitivity of atc^nic absorption spectroptwato- 

metery relative to flane ©nission spectrophotcsnetery* 

.\ 

Light ermitted from the flame constitutes a poten- 
tial source of error in aas# as a light energy which strilces 
the photomultiplier tube r«^i®s«Jts the net balance of emi- 
ssion and absorption. This source of error is avoided by 
modulating the incident light beam with a mechanical chopper* 
and tunning this photomultiplier detector circuit t© -the same 
frequency of modulation* under these conditions* the detector 
circuit responds only to the pulsed signal from the light beam 
and does not respond to the continuous signal produced by 
light emission fr<wi the flame. The alternating current faxwa 
photomultiplier detector circuit is ara^lified and xecor<ted. 
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Procedure i 

Parker and Colleagues (1967) described two pro- 
cedures viz simple dilution and removal of protein using 
trichloroacetic acid prior to aspiration for detera'dnation 
of copper and zinc by aaS. In the present study the simple 
procedure of direct aspiration was employed. The AAS adjusted 
to the operating conditions as listed in the table given 
'earlier. Standard solutions for copper zinc were prepared 
in required strengths copper-l» 2 and 4 part per millioni 
zinc 0,5, 1 and 2 part per million. With these standard 
solutions of each metal absorption for each solution strength 
were measured separately and standard curves for each metal 
were established separately. 

After establislrnent of standard curved seriaa 
copper, and zinc were estimated as follows s 

Serum samples were aspirated without dilution 
directly into the flame for cc^per and zinc. Estimation 
of absoibance for each metal was done at a time. Duplicate 
measurements of the absoibance were made for each sample. 
After every sample measurement distilled water was aspirated 
into the burner untill null meter returned to null point, 
prior to determination of values In thetinknown samples. 






A total Of sixty four children were included in 
this study. Out of these 64 cases, tsn Iwalthy children acted 
as control. Their distribution according to age and sex is 
given in Table I, There was preponderance of male childr«a in 
the study groups male to fenale ratio being 1,8 i 1, 

TABLE -Is mstribution of children according to age 
and sex. 


Age groins 

Study arouD 


arou^ 

(in years) 

Male 

Female 


Female" 

A, 1 to 6 Yrs 

30 

18 

2 

4 

B, ^ to 12 Yrs 

5 

1 

3 

1 

Total - 64 

35 

It 

5 

5 


The study groi^ comprised of children luaving 
infectious diseases. Their distrlbuticm according to the 
disease pattern is given in T^le II* 

Amcmg bacterial infections, 12 cases were tuber- 
cular and 22 esases were iKsn-tiibercular, Ten cases each of 
viral and protosoal were Included in this gxoi3^. 
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Average duration of fever in enteric fever ■wa® 
10 daya and in malaria was 4 days. The cases admitted and 
included In this study on an average stayed for 7-10 days 
in hospital* The cases having severe malnutrition, renal 
pathology, liver disorders Cexcept infective hepatitis), 
gross oedema, were not included in this study, 

TALL a - II t Distribution according to disease pattern. 


Bacterial Infections s 

Ca) Non-tube rcular infections 

1- Enteric fever 

2- Lobar pneumonia 

3- pyogenic meningitis 


1- Primary pulmonary tuberculosis 

2- Trdbercular meningitis 


II* Viral infections * 


1- Post measles broncho|Meuinonia 

2- Infective hepatitis 


III. Protozoal infections i 
1- Malaria 






ISf'O « 
cas«8 


Bange 


58.9 - 70.9 

60.9 - 76.5 
108.9 -119,7 


64,68 

68.27 

114,44 


5. 68 
6.85 
4.11 


Toberculag bact»rial infaetlona t 

In all Casas of toibarculaz infactions sarwm iraluas 
of ainc was significantly lower (p 0*01) as conipared to 
mean value of controls. Mean value of sine after 7-10 days of 
therapy was still found to be lower than control (p 0.01). 

(Tabla III and V) although it was higher than the wean value 
observed on zero day. When mean values on 7-1#’ days compared 
with mean values of zinc on day zero, found to be rising but 
rise was insignificant Cp “7 0.5). 

While serum copper levels were significantly high*r 
on day zero (p /___ G.OlJ and on follow mp after 7-10 days of 
therapy (p 0,01) (Table IV and VI), Serum copper levels cm 
7-lOth^^en compared with values on day zero, were found to 
be decreasing but reduction was insignificant (p ”7 0*5) 

(Table IV and VI). 


TABLE - III A s Serum zinc in primary pulmonary 

tuberculosis. 


Mean S.D. 
(ug/100 ml) 













TABLE - V A * 

Seram 

*inc in tobercalar meningitis. 



Groups 

Mo, of 

Range 

Mean 

{ug/lOO ml) 

S.D. 


A, Zero day 

7 

60.5 - 96.9 

76.80 

1 

14.02 

i^' ; 

B, 7-lOth day 

S 

70.9 -100.8 

85.92 

13.66 : 

, 

C. Control 

10 

108.9 -119.7 

X 1. 4 “ * 4 ‘ 4 

4.11 



- 

i* ■■■ 1 

1 


TABLE - V B s Statistical analysis of Table V A. 


Groins fi.f. "t" value p 

coBfiparea 


A 

Vs 

c 

15 

3.60 


B 

Vs 

c 

13 

3.25 

Z- 0.01 

B 

Vs 

A 

8 

0.59 

“7 0-5^ 


* 


degree of freedom 




TABLE -■ VI B * Statistical analysis of Table VI A. 




f, * degree of fmmSmt 




BACTERIMi im-ECnons s 

jjORtubercular infections i 

Mean value of serum sine (Table VII ) on aero 
day was found to be significantly low (p 0.01) in enteric 
fever as cranpared to controls. The mean value of serum zinc 
on 7-10 day showed a rising trend but was still found to be 
lower as ccanpared to controls (p 0.01) « 


Mean ' 
(ug/100 ml) 


A. Zero day 10 

1. 7 -10th day 5 


TABLE - VII 1 I 


t* value 



TABLE - ¥III A i Sertam copper in enteric fever# 


Groins 


No* ox 
cases 


Range 


Mean S 


Cug/IOG ml) 


10 108.5 - 121.5 


A. Zero day 


118.13 4.83 


B. 7 -10th day 


100.5 - 118.9 


112.58 7.43 


10 95.5 - 100.9 


c. Control 


99.27 1.61 


TABLE - VIII B I Statistical analysis of Tarole VIII A 


18 4.09 

13 3.14 

8 '1*19 


d.fv * degree of freedoro. 


/ 0.01 
L. 0*01 
"7 0*1 


per value C Table Vlii a) on aero 


day was found to be significantly higher (p 0*01) in 
enteric fever as compared to controls. The mean serum values 
of copper after 7~10 days was still higher as C'Cropared to 
control (p ^ 0*01). although these values were lower as 
compared to the values on day zero. 
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As aspictsd in Table ix A, the B»an seapow valae 
on sisero day in lobar pneumonia was found to be significantly 
lower (p 0*01) as conipared to control. The mean ser«ai value 
of zinc on 7—lOth day was still found to be lower as ccanpared 
to control Cp 0.01), although this value was higher as 
compared to mean value of zinc on zero day Cp ~7 0.1). 


TABLE - IX A I Serum zinc in Icbar pneumonia. 


Groups 

Mo, of 
cases 


Range 

Mean 

(ug/lOO ml) 

S.D. 

A. Zero day 

6 

73.5 

- 80.9 

78.55 

2.93 

B. 7-lOth day 

3 

82.5 

- 90.6 

85.86 

4.21 

c. Control 

10 

108.9 

- 119.7 

114,44 

4.11 

TABLE - IX B s 

statistical analysis of 

Table IX A. 


Groups 

ccattpared 

d# f # 


“t* value p 


A Vs C 

14 


3.79 

Z- 

B Vs C 

11 


3.30 


1 Vs A 

T 


1.70 

"7 o.3t 



d.f. m degree of freedtom* 
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AS 3.8 oovionm from Tulal® x a, the opposite pheno*- 
menon %ias observed for serum copper levels in lobar pnererania 
where si^ificantly higher serum copper level was observed on 
zero and 7-10 days after therapy. 


TABLE - X A I Serum copper in lobar pneumonia 


Mean 

Cug/lOO ml) 


A. Zero day 6 122,5 - 140,6 

B. 7-lOth day 3 1 24.9 - 132.5 


t** value 
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In pyogejaic meningitis also (liable XI h) , the 
mean value ©f serum sine on zero day ms found to be signi- 
ficantly loirer (p 0*01) as compared to controls. While 
mean value of serum zinc after 7-10 day of chemotherapy was 
found to be still lower as compared to control Cp 0.01) 
but was higher than mean value of serum zinc on zero day 
(p“7o.i), 

TABLE - XI A I Serum zinc in pyogenic miaaingltls. 


Groups 

No.of 

Bange 

Mean S . B . 

(ug/lOO ml) 

A. Zero day 

6 

63.6 - 70.9 

67,88 2.76 

8. 7-10 th day 

3 ; 

70.5 - 71.9 

70.96 0.80 

C. Control 

10 

108.9 - 119.7 

114,44 4.11 


Statistical analysis of Tdble XI A. 

Grot:^s 

ccMnpared 

d.f. 

"t" value p 

A Vs C 

■ ■ ■ 14 

3.83 

0#0i 

B Vs C ; 

11 

3.40 

2L 0.01 

I ' VS ^ A 

: : : 4 . ' 

2.05 

“7 0.1 


d*f« «• 'degree ©f freedoiB. 


m 
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®be opposite results of zinc values was observed 
for mean serum copper level in pyogenic meningitis too 
Table XII . Serum copper values remained significantly high 
from the day zero to subsequent followup* 


TABLE • XII A s Serum copper in pyogenic meningitis 


Mean 

(ug/100 ml) 


A. Zero day 6 122*8 ; 140*8 

B* 7-lOth day 3 119*9 - 120.5 
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hontubekcular ya tub ehcijlar bacteri^ infections * 

Ther® wmn atatistlcelly insignificant diff®r«nc« 
in mean serum values of zinc and copper in nontsabercular 
infections Vs Tubercular infections (p *7 0.5), Table XIII 
and XIV) . 

TABLE • XIII A I Mean serum zinc values in nontubercular 

(e.g. enteric fever, pneumonia and pyogenic 
^ meningitis) and tubercular bacterial infec- 
tions (primary pulmonary ttjberculosis, TOM). 


Groups 

No,of 

cases 

Mcmtrber- Ho.of 
cular cases 

Meant SD , 



Tuber- Total 
cular Mean j; SD 

Meant SD. “* 





A, Eero day 

22 

73.15 12 

tl2.31 

71.75 72.70 

+12.57 112.33 

B, 7-10 th day 

11 

81.15 9 

+14.58 

77.85 79.67 

+13.91 +14,01 

TABLE - JCCII B 

t Statistical analysis of Table XIIIA. 

Groups 

compared 

d.f. 

*t** value 

P 

Zero day 

32 

0.46 

"7 0.5 

7-1 Otb day 

18 

0*52 

*7 o.s 


d.f, * degree of freedom. 





• Mean mxvm copper velttee in nontii>e«:ular 
and tubercular bacterial infections. 


No, of Nontuber 
cases cular 

„Me,an -t-SD 


No, of Tuber- 
cases cular 

Kean-i'SD 


Total 
Mean -i- SD 


B. 7-1 0th day 


7 -loth day 


CTORS 



hm Zero 

B. 7-10 

C . Cont 

day 

th day 

rol 

5 

3 

10 

55.7 - 64,5 59.72 3.90 

60.5 - 62,8 61.26 1.32 

108.9 - 119.7 114.44 4.11 

TABLE - ; 

XV B t 

Statis- 

tical analysis of Tet 

•le XV A, 

Groups 

compared 

d.f. 

“t“ value 

p 

A Vs 

c 

13 

3,70 


1 ' VS 

c 

11 

3.42 

0*01 

1 Vs 

A: . 

S 

0.88 

“7 0-5 


■ « £tegjc«e of freodtoBt, 


Groups 


No. of 
cases 


Hang® 


Mean S.D. 
Cug/lOO ml) 


Mean serum zinc In Infective hepatitis (Table XV) 
was si^ificantly low on day zero (p 0,01) and after 7-10 
day (p 0.01) as compared to controls. Mean scrum zinc on 
day zero when compared with mean value of zinc of 7-10 day 
inas found to be Insignificant (p *7 0.5). 


TABLE — XV A t Seriwt zinc in infective hepatitis. 





nmm «e™ copp«r in infectiv® hepatitis (Table 
3I¥1 ) on day zero was found to be significantly higher 

Z-. 0«01) and after 7-10 days was still higher (p /^O.Ol) 
as compared to controls. Mean copper value on day zero wh«i 
compared with mean value of copper of 7-10 day was insigni- 
ficant (p "7 0*5). 


TABbE 


Mean 

(ug/100 ml) 


E, 7-lOth day 3 112.50- 118.80 115,50 3.15 


t** value 



A. Zem day 

B. 7-lOt^ day 

C. Control 1 


'TABLE « XVII B s Statistical analysis of Table XVII a* 


t" imlme 


d*f« 


crottps 

ccsimared 


/ 0*01 


dtearee freedom 






cays or "cnerapy it was found to be rising towards normal b 
was still low (p ^ 0.1), The difference between mean ’rain 
of zinc on zero day when compared with mean value of zinc 


XVII A » Serism zinc in measles {post measles 
bronchopneumonia? • 


Groups 


Range 


Mean S.D, 
(ug/100 ml) 


76.6 

80,8 

108,§ 


' 84.5 

- 84.5 

- 119.7 


78.68 

81.75 

114.44 


5.25 

1.83 

4,11 


No. of 
cases 











ea 

Mean mmmm copper in post measles bronchopneosonla 
(Table XVIIl) was found to be significantly higher than con- 
trol <p 0.,0l) on day zero, while after 7-lOth day of therapy 
decreasing trend was found (p o.l) but was still signifi- 
cantly higher than control. Mean values of copper day zero 

I'K 

when ccMBpared with values on 7—10 day found to be insignifi- 
cant (p 0» 1) • 




TABLE - XVIII A t Ser«m values of copper in measles 

(post measles bronchopneumonia) 


Grot^s 

Mo . of 
cases . 

Mange 

Mean 

(ug/100 ml) 

S.D. 

A. Zero day 

5 

122. S - 130#8 

126.26 

2.97 

B. 7-lOth day 

4 

120.5 - 126,5 

123.65 

' Him SS 

C, COBtKJl 

10 

95,5 - 100.9 

99.27 

1,61 

TABLE - 3CVIII B 

■■ s Statistical analysis of Table XVIII A, 

Grot:^# 

coitpared 

' ■d.f,.': 

•f* valla* 

p 


A Vs C . • 

' '13 ' 

3*69 

Z- 0.01 


1 Vs C 

12 

3.56 

£. 0*01 


B Vs A . 

■■ :t\ 

1.21 

■7 0.1 




« ' Setgxmm 0f fxeedon 
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PIOTO2OM1 IHFffiTIOM f 

As in bacterial and viral Infections, mean serum 
value of zinc in malaria (Table XIX) on day zero was found 
to be significantly lower as compared to control (p /_0.01). 
Mean value after 7-10 days of therapy was still lower than 
control but was higher than mean value on day zero. Mean 
value of zinc on 7-lO^day was significant when compared with 
mean value zero day ip 0.02). 

TABLE - XIX A 8 S&xim value of zinc in malaria. • 



Groups 

HO.Of 

cases 

Hange 

Kean 

(ug/lOOrol) 

S.D. 

A. 

Zero day 

1§ 

Sf .7 - 70.5 

67.42 

3.39 

B. 

7-lOth day 

5 

70.f - 74.5 

73.06 

1.51 

c. 

Control 

10 

108.9 - 119.7 

114.44 

4.11 


TABLE - XIX B t Statistical analysis of Table XIX A 


Groups 

conpared 




H 




71 



Ifean seriM copper In malaria (Table XX) waa found 
to be significantly higher on day aero as comperr'd to control# 
Z— 0»01) while after 7-l0 days of therapy mean value of 
copper was fornid to be decreasing but was still higher than 
control Cp 0*01) • Mean value of copper on 7~l0^day when 
ccntpared with mean value of zero day, found to be decreasing 
but reduction was insignificant (p .~7 0.5). 


Mean 

(ug/lOOml) 


B. 7-lOth day 


TABLE - XX B t Statistical analysis of Table XX A. 



Groups 


lio.of Tubercular No, of 
cases J€ean •♦■■SD cases 

iJtW- — 


Viral 

"ean+SD, 

1 1 4a4' J 


Total 

MeantSD 


TABLE - XXI B f Statistical analysis of Table XKI A. 


Groups a,f* ^ "t" Talue p 

compared 


d*f* • degree of freedcsn 


m A 

/<£, 


infection (Table XXVII and XXVIII), nontubercular Vs viral 
infection (Table XXIII and XXIV), nontubercular Vs protozoal 
infection (Table XXV and XXVI) and viral Vs protozoal infec 
tions ( Table XXIX and XXX) . 


TABLE - XXI A I Mean serim values of zinc. in tubercular 

and viral infections. 


A. Zero day 12 71,75 10 69,20 70,59 

tl2.5S +10,90 +11.63 


B. 7-lOtb day 9 77.85 7 72.97 75.71 

+13,91 +12,58 


^ro day 
7-lOtb day 


0.11 

0,76 


7 0.5 
7 0.5 


, . . - - - 




TABLE • XXXX A t M«aii iraluea of copper in tiAserctilar 

and viral infections. 


Groups 


No. of Ti&iercular No. of Viral 


Total 


cases Mean +SD cases Kean-t-SD, , Kean-i-SD 


A. Zero day 

B. 7-1 0 th day 


122.70 

10 

125.53 

123.98 

8 • S9 


t 2.75 

+ 6.60 

119.07 

7 

120.20 

119.56 

+ 10.60 


1 5.01 

+ 8.38 


TABLE - XXII B t Statistical analysis of Table XXII A, 


Grotj^s 

compared 


"t" value 


Zero day 
7-1 0th day 


1.00 

0.25 


7 0.1 
7 0.1 


d.f. « degree of freedcan, 




Mm 


lili 


a 


ipii 




gpMgARlSOH OF ROK TUBE!Ctg.M INFECTIONS WITH VIRjg, IRFlCTIOSa 

TABLE - XXru A i Mean values of zinc in nontubercular 

and viral infections. 


Groups 

No* of 
cases 

Nontubercular 
Mean SD 

1 CT •%-rt ) 

No.of 

S& IB iSkBi 
tSiSI 

Viral Total 
Mean+SD ^ Mean+SD 

f /cT tViiL) 

A. Zero day 

22 

u 

73.15 

10 



69.20 

71.91 



+12,31 


+10,90 

+11,86 

B. 7~10th day 

11 

81,15 

7 

72.97 

77.97 



+14.58 


+11.05 

+13,60 


TABLE - soail B I Statistical analysis of Table XXIII a. 


Grot:^0 


“t" value 

P 

ccsrtpared 




Zero day 

30 

0,87 

*7 0.5 

7-1 0th day 

li 

1.24 

7 0.1 




TABIjE "• XKXV h t Mean sartaa valutas oif copper in non* 

tubercular and viral infections. 


Zero day 22 
7«l0th day 11 


22 

125* OS 

10 

125,53 


+ 8.68 


1 2.75 

11 

121.27 

7 

120.20 


+ 8.87 


+ 5.01 


- XXIV B i Statistical analysis of Table XXIV h. 


£• m degree of freedoa* 






KOoOf Nontuber- 
cases cular 

Mean + SD 


No, of Protosoal Total 

cases Mean * SD MeaiM-SD 


B, 7-iOth day 11 


TABLB - XXV B t Statistical analysis of Table XXV A 


7 -loth day 
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TABLE XXVZ A t Mean valuas of coppar in noii~ 

tubercular and protozoal infection*. 


Groups 

No. of 
eases 

Non tuber- 
cular 

,, Mean+SD 



NO. of 
cases 

Protozoal 

Mean^fSD 

Total 

Mesn+^SD 





i/ 


A. Zero day. 

22 

125,05 

10 

122.50 

124.25 



+ 8,68 


1 4.67 

t 7.67 

B. ir-10th day 

11 

121.27 

5 

117,86 

118.83 



t 8.87 


± 4,15 

+ 7.58 


TABLE - XXVI B 

t Statistical 

analysis of Table XXVI A, 

Grot:^s 

coerpared 

Mitt 

value 

P 

Zero day 

30 

0,87 

~7 o.s 

7-1 0th day.' 

14 

0.83 

"7 0.5 


-''d»£* a* degree of freedcae. 



Wm 

ii 

mi 


78 



TABLE - XXVII h I Mean value of zinc 


No. of Tubercular No. of Protozoal Total 

cases Mean+SD cases Mean'fSD^, Mean^-SD 


TABLE 


Grot:^8 

d.f. 

*t* value 

P 

MM. 

'p 

compared 




■' "■■■ ■ i 

- 




TABLE » XXVIZI A t ■ Heaa value of copper. 


Grouos 


No. of 
cases 


A. Zero day 12 

B, 7-lOth day 9 


Tubercular No. of 

, Mean+SD cases 




Protozoal Total 

,, Mepn* SD Mean+ SD 




122.70 

10 

122,50 

122.60 

i 8.59 


t 4 * 6 ? 

± 6.89 

119.07 

5 

117.86 

118.64 

+ 10,60 


+ 4.15 

i 8.65 


TABLE - XXVIII 1 I- Statistical , analysis of Table XXVIII A 


Groups 

Ji JC 

H'. ■ 

*t* value 

compared 




Zero day 


d. f ♦ > degree of f reedora 
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TABLE - XXIX A I 


Viral 

,M«an-4*sn 


0«;ISO31 


7-1 0th day 


Zero day 10 

69.20 


+10.90 

7-lOth day 7 

72.97 


+11.05 













TABLE - XXX A s Mean serum value of coiner in 

viral and protozoal infection. 


Groups 

No.of 

cases 

Viral 

Mean+SD 

) 

No.of Protozoal 
cases , Mean+SD 

i /'SA ' f i j 

Total 

Mean+SD 






A, Zero day 

io 

125,53 
i 2.75 

10 122.50 

+ 4,67 

124.01 
+ 4.04 

B, 7 -loth day 

7 

120.20 
+ 5.01 

5 123.65 

t 2.58 

119.22 

Jt 4*^3 


TABLE ~ XXX B 

s Statistical 

analysis of 

Table XXX A. 

Groups 

compared 

d.f. 

"t* value 

P 

Zero day 

18 

1.67 

m&mmm _ 

/ 0.1 

7-lOth day 

10 

1.27 

7 0.1 


d.f* « degree of freedom# 







Studies concerning infection induced alterations 
in zinc and copper metabolism have now advanced beyond the 
purely descriptive stages. 


In the present study we have analysed the serum 
concentrations of copper and zinc in patients with coranon 
acute infections during the initial stages of disease as 
well as after initiating treatm«it. The average hospital 
stay of patient with enteric fever, pneumonia, pyogenic 
meningitis, hepatitis was about 7-10 days. Therefore, to 
have uniformity followd samples for sertm copper ^ and 


zinc levels on 7-1 0th day 


In the present study, the estlmatton of serum 
copper and zinc were done by atomic absorption spectrophoto- 
metry (AAS). This method was preferred because of its speci- 
ficity# sensitivity, precision, simplicity and relatively low 
cost, per aaaslysis in cazparisoo to other methods. 




vwn^en-cxa-cion of ainc in control 

was 1U.44 ua/loo s.1. This value is canparable to that 
reported by (sinha and Gabrieli, 1970> Halstead and Smith, 
1970; Srlnivas et al, 1988; Sharda and Bhandarl, 1977 ; 

Nlculescu, 1981) # 


The mean senmt conceitration of copper in control 
was 99*27 ug/lOO ml* This value is coinparatile to that repor 
ted by (Srinivas et al# 1988 j Bogdan et al, I977y Alwiad P. 
et al, 1985) . 


The mean serum values of *lnc and copper in primary 
pulmonary tuberculosis on the day aero was 64.68 ug/lOO ml, 
which was significantly low (p £.0.01), as compared to control 
value of 114,44 ug/lOO ml. While after 7-l0 days of therapy, 
it rose to 68*27 ug/lOO ml. 


117,78 ug/lOO ml which was significantly higher (p / O.Ol), 
than controls <99,27 «g/l00 ml). After 7-10 days of therapy 
the value fell to 110,47 ug^lOO ml, which was insignifiCMt 
whesi coitqjared with aero day value. 


Halstead and Smith <1977), Sharda and lhandari 


(1977) dbserved low level of serum sine and its altered 

level as an evidence of active state of pulmonary tuberculosis. 

Mean serum ainc values of tl^se authors were in accordance Krifctfc-. 



with the present study. However, Khatrl et al (1981), did 
not demonstrate any appreciable change in serum ainc values. 
A number of authors (Bogden et al (1977), Ahmad, P. et al 
(1985), fiadtoakrishna et al (1985), Hiculescu et al (1981) 
have found a significant hypercupremia end hypozincemia in 
cases of pulmonary tuberculosis. Their mean serum values for 
zinc and copper were cczapatlble with that t^served in the 
present study. 


In addition to this, Ahmad, P. et al (1985) also 
esttoated sen»i zinc and ccpper after 4 weeks of anti -tuber 
cular therapy, they observed a significant fall in serwi 
c&ppex and rise in serum zinc levels but still the levels 
of both the elements failed to return to noxmalcy. 


As in primary pulmonary tuberculosis, cases of 
tubercular mwaaingltis had sigaificantly low serum zinc 
level and increase in copper levels. The reversal trend 
was evident after starting of therapy. 




TABLE 


Mean values of ainc, csopper In various 
infectious disorders of different authors i 


Control Illness Control Illness 


162.00 Sinha & Gahreili 
+ 36,00 {;3eruin), 1970, 


Halstead & 3iiit2i 
(Plasma), 1970, 


23.00 Srinives et al 
+ 8,90 (Plasma), 1988 

(umol/L) 

21.70 *• •• 

9,20 


Tubejscular 
Injfec'ticSa i 


Halstead & anitli 
(Plasma) , 1910. 


114.00 164.10 Badhakxishna et 

♦ 6,67 6.87 al ( Serum) , 198S 


ll0«00 162.00 Bogdmn et al 

♦ 19.00 ♦ 35.00 (Plasma), 1977 





Mithora 


150*,60 ifilsnad,p* et al 
+ 11.50 CSeruiri), 1985, 


CMiahood 

Pul, TB 


Sharda & Bandaxl 
{ Serum), 1977. 


PulmcMaarY TB 


Khatri ©t al, 
C Serum), 1981 


22,80 Srlnlvas et al 
♦ 5.00 (Plaanaa), 1988 

ivmol/L ) . 


C Serum) 


1977 


Mean serum value of sine in lobar imeumonia cm da:^ zero 
wa« 78,55 ug/100 ml, 'which was significantly lower than control 
(p 2L 0*01)* After 7»10 days of therapy, it rose to 85,86 ug/100 ml 
but still remained significantly low. Mean scrum level of copper in 
lobar pneumonia m day zero {132,91 ug/100 ml), was significantly Mgflter 
[p 0,01) than coaitrols. Mean value of copper after 7»10 days ;:of : 
tdierapy declined {129.40 ug/100 ml), but was still higher than controls. 



ViMsladh i If 50) 
Halstead and anlth (1970) 
cases of pneumonia. 


# Sinha and Gabrelli (1970), 
made similar observations in 


Kean serum sine In pyogenic msningltls was found 
to be significantly low (67.88 ug/100 ml, p ^0.01) as com- 

pared to controls* While after 7 •■10 days of therapy it in- 
creased to 70,96 ug/lOO ml which was still significantly low. 
Mean value of serum copper on day aero in pyogenic meningitis 
was 128,73 ug/lOO ml which was significantly higher (p / Q.Ql! 
than controls, after 7-10 davs of theranv fiieari tral tisfr A-f 


The findings of present study in pyogenic meningitis 
are in accordance with Srinlvas et al (19S8) . 


Mean value of serum sine in enteric fever on day 
zero was significantly low 73,06 ug/lOO ml as compared to 
controls. Which after 7-1 0 days of therapy rose to S4,44 ug/lOO 
ml. Mean serum chopper value on day zero was significantly higlier 
(118*13 ug/lOO ml# p / 0*01) as compared to controls. Mean valae 
of copper after 7-10 day« of therapy was still higher (112.50 mg/ 
100 ml) as esmtpared to cewatrols. 


We could*nt find trace elemsmt studies in smteric 


Mean value of serum zinc in infective h^atitis 
on day zero was significantly low (59,72 ug/loo ml, p 4.0*0^) I 
after 7-10 days of therapy value rose to 61,26 ug/lOO ral, 
which was still lower than controls. Mean serum copper on 
day zero in infective hepatitis was 124.80 ug/loo ml as 
compared to controls, (99.27 ug/lOO ml) the difference was 
significant while after 7-10 days of therapy mean value of 
copper fall to 115.60 ug/100 ml, which was still higher than 
controls. 

- Sharda and Bhandari (1977), Halstead et al (1968) 
found that plairaa zinc was significantly lower than the con- 
trols in patients with viral hepatitis. However, a lone study 
that of Kahn et al (1965) had the ccsitrary findings for serum 
zinc in ln^atitis. cases* . 

■ .Mean value of serum zinc in post measles broncho- 
pneumonia on day zero (78«60 ug/lOO ml) was significantly 
lower than controls and showed an Increasing trent (81.75 ug/ 
100 ml) after 7-10 days of therapy. Mean serum copper on day 
mm was 126.26 ug/lOO ml which was significantly higher than 
control. It decreased to 123.65 ug/lOO ml, after 7-10 days. 

Mean value of serum zinc in malaria on day zero 
(67.42 ug/loo ml) and after 7*10 days of antirtalarial therapy 
(73.06 ugAOO doserved to be significantly lower than 

control (p sertaa value of copper in malaria on 


day zero was 122.50 ug/lOO ml, was significantly higher 
(P than controls (99.27 ug/lOO ml), while after 

7-10 days of therapy declined to (117.86 ug/loo ml), which 
was still higher than control. To the best of our knowledge 
the infectious studies on acute malaria is not available in 
literature. 

It was interesting to know that inspite of wide 
variation in symptomatology of various disorders including 
in the study there was no significant difference in the 
siagnitude of alteraticus' in mean serum zinc and copper 'levels. 
Similarly as early as 7-10 days irrespective of nature of 
infectious disease there was tendency of serum zinc and copper 
levels to move towards normalcy. In the present study we could 
not find the^ comparable obsenratiO'n in the literature. 

, There statistically no significant difference 
in the mean serum valrrat of sine and ec^per in various infec- 
tious grcjia^'S, im;l«de the present study. It appears that 
alteratioBS in serum sine and serum copper occur in all acute 
Infections and the changes do not semns to be restricted to 
any specific infection. 

Ttm timing and patterns of response for sine, 
copper and are influenced by the nutritional state of the 
host, the duration of infectlcsi, the competence of liver 
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cell fwictions, and the type of therapy. Despite these 
variables, the roajor trace element responces are reroarhably 
consistent and can be ascribed to well defined pathophysiolo- 
gic control mechanisms* A product of phagocytiaing cells, 
leukocytic endogenous mediator (LEM), acts on the liver to 
stimulate an accelerated flux of zinc into hepatic cells and 
to cause an accelerated synthesis of ceruloplasmin. Other 
mechanisms that may also influence trace element metabolimn 
include altered body balances, sequestration of the elenents 
within tissues, changes in metal binding transport proteins, 
harmonal actions and trace element uptake by invading or^nissw 


Many of the essential trace metals like copper, 
zinc and ifcxn influence the functioa of Id)# immune systeei 
(Chandra and Puri 1985) • Deficiencies of th^e trace elaMsits 
can have a detriiM^ntal influence os thm immune response. 
Deficiency of zinc produces tl^ic involution, (Golden et al 
1977) , decreased activity of T helper cells and natural killer 
coll activity, reduced proliferation of lymphocytes in response 
to mitxjgens, and delayed cutaneous hypersensitivity (Chandra 
and Puri, 1975| Good et al, 1977| Golden et al, 1978) .Patients 
with acrodermatitis enteropathies, are zinc deficient and 
their neutrophils show an inpaiiDed chemotaxis (Hcleon et al 
1934) « Sven marg^al eepper deficiency can lead to an impaired 
liOBoral mediated response et al. 198S| Gindler et al. 


1973) 
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Patients with Menkes* kinky hair syndrome haw 
an inborn defect in copper metabolism resulting in low plairaa 
copper levels and are more susceptible to infections (Larsson 
et al, 1985? Gindler et al, 1972K 

A number of infectious diseases caused by bacteria*, 
viruses* rickettsiae* spirocheats and parasites have been 
'known to evoke hypozincemia (Greeriblatt* 1979? Ljunghall et 
al 1977| Payne et ml 1973; Pain et al* 197S). 

Trauma can also induce .alterations in the metabo- 
lism of zinc and copper (Greenblatt* 1979) . 

Interleukin-1 released by activated phagocytes 
lias been postulated to be responsible for these changes 
(Palmer et al 1987; Sorra et al* 1987) • Ateinistration of 
interleukin-l prodt^ces an increase in liver sine (Sorva et 
al 1987) and reduced levels of copper (Gre«riblatt 1979; 

Palmer 1987)* Although previous studies have dealt with 
the influence of a variety of infectious diseases on trace 
element ccmceatration these exists a need for iiwre detailed 
documentation in clinical condition a# to the extent and 
duration of chmsges* 
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The present stuay “THE STUS5f OP SERUM Zim mo 
COPPLR ALTERATIONS IN INFECTIOUS DISEASES", was carried 
out over a period of one year in the Departroent of Paedia- 
trics, E.L.B. Medical College and Hospital, Jhansi, U.p, 
and Central Drug Research 'institute (CDRl), Lucknow with 
the following laain objectives. 


3-- To study the levels of sermi copper and Kinc 

in infectious diseases in Bundelkhand region* 

2- To find out the correlation of levels of serum 


cppper and zinc during the recovery phase {7-10 days after 



starting cheisotlierapy} , ^tiraaticm of txjpper and zinc were 
carried out by atomic absorpticm spectrophotosHstery technique 
(Model - PERKIN ELMERllOO B) in the Division of Endocrinology, 


CDRI, Lucknow, U.P 


Besides estimation of these elments, a thorough 
general, physical and systemic escminatiaei Of each case was 
conducted and investigations were carried out according to 


two groups s 


P 


w ,,, .. - 




Cases were categorised into 
(1) Study group 
( 11) Control group 


Study group comprised of 54 children and lo age 
and sex matched healthy controls. Cases selected were bet- 
ween the age group of 1 year to 12 years, study group cate- 
gorised into three according -to pattern of diseases. 


(i) Bacterial 


(11) Viral 


(ill) Protozoal 


(i) Bacterial group fiirther dlTlded into two t 


(^) ytdberealar t 


®*g« (1) Primary pulmcnjary tuberculosis 


(11) Tubercular mmimgitia 


(2) Non-tube rcular i 


e«g« (i) Sateric fewer 


(11) liObar pneumonia 


(iii) Pyogenic m^lngitls 


(li) Viral infeetioiis divided into two groups t 


«*g* (31) Infective hepatitis 


(2)' posteeasles bionchofweiarania 5 


(iii) protosoal lafectloiis i a*g. Malaria- 10 





C } Mean searura levels for zinc and copper in contr 
were 114,44 + 4.11 ug/lOO ml and 99.2? ♦ 1,61 «g/lOO 
respectively. These values were canpatible with mean 
values reported in the recent literature. 


£ 2} Mean serum zinc value in primary pulmonary tuberculosis 
was significantly low £64,68 ^ 5,68 ug/lOO ml) as ccxnpared 
to controls which after ?~10 days of anti tubercular therapy 
rose to 68,27 + 6,85 ug/lOO ml but still remained signifi- 
cantly lower than control. Statistically there was insigni- 
ficant difference between the mean value of zinc on day 
zero and after 7-10 days of anti tubercular therapy (p 


Mean serum copper value on the day zero was sign! 
ficantly higher £117*78 + 4,06 ug/lOO ml) as ccm^ared with 
controls which fell to 110,47 + 4,01 ug/100 ml after 7-10 
days but was still higher than controls. Wall was insigni- 
ficant, ' 


(3) Mean sense zinc value in tubercular muiiagltia was 
significantly lower £76,80 +, 14,02 ug/lOO ml) as compared 
controls. After 7-10 days of chemotherapy it rose to 
85,92 + 13,66 »g/l00 ml# This rise was statistically In- 
slgwlficant (p 7 O#®)* 



Mean serum copper value on the day zero was 
significantly higher (l26,2i + 9,39 ug/lOO ml) than 
controls? after 7~l0 days of chamotherapy decreasing 
trend was found (125.96 + 8,91 ug/lOO ml) but this 
reduction was insignificant (p “7 0,5), 


|4| Mean seium 2 jiii€ in eBtajtic on, the day aejco ■ 

was significantly lower (73.08 t 17.51 ug/lOO ml) as 
compared to controls. But after 7—10 days of treatment 
rose to 84,44 20.36 ug/lOO ml. The rise was Insignificant 

(p"7o.i). 


Mean serum copper value on tlw day sero was 
significantly higher {11@.13 t 4.83 ug/lOO ml) as coeapared 
to controls j after 7-10 days of treatmiMit value was found 
to be decreasing but this decrease was insignificant <p 


(5) Mean serum sine in It^ar pneumonia was found signifi- 
cantly lower (78.55 t 2.93 wg/tOO wl) than ccntrol value, 
after 7-10 days of chsraotfeerapy it rose to 85.86 ^4.21 ug/ 
loo ml. This rise was insignificant. Mean serum copper value 
<m tl^ day zero was l32.9t * 6.85 ug/lOO ml which was ai^pii- 
ficantly higher than coaitrols. The valuw was found to be 
decreasing after 7-10 days of treatment, but the reduction 
was Insignificant Cp **7 6*1) • Values were similar as in the 


C6) Mean serum zinc in pyogenic meningitis on the day 
zero was significantly lower (67.88 + 2.76 ug/lOO ml) as 
compared to controls. The value rose to 70.96 + 0.80 ug/ 
100 ml after 7-1 0 days but was still lower than controls. 
The rise was insignificant ( p ~7 0.1), - 

Mean serum copper on the day zero was 128.73 + 
6.43 ug/lOO ml, and the decreasing trend was observed 
{120.30 HH 0.34 ug/lOO ml) after 7— lO days but the reduction 
was insignificant (p "7 0.1) , 

(7) In infective hepatitis the mean serum value of 

zinc on the day zero was significantly lower (59.72 + 3,90 
ug/lOO ml) as conpared with control. This was found to be 
rising after 7-10 days ( 61 • 26 + 1.32 ug/lOO ml) , but the 
difference was statistically Insignificant (p ~7o*5) . 

Mean serum copper value on the day zero was 
124.80 +2,63 ug/1 00 ml which was significantly higher 
than control? after 7-l0 days the value fell to 115,60 + 

3.15 ug/lOO ml, the difference being significant (p / 0.05) . 

(8) Mean seriam zinc in postmeasles bronchopneumonia 

was significantly lower (78.68 + 5,25 ug/lOO ml) on day 
zero when conpared with controls. It rose to 81,75 + 1.83 
ug/lOO ml after 7-10 days of treatment, but the difference 
was insignificant {p "7 0.1). 


£'8 




100 „a Vhich /T ““ ’'*• ^ 

was significantly hlghar than control. Th. 

«=«s.lng trend was found after 7-10 days (123,65 t 2 58 

U./1CC Che difference was not significant (, Vo.; 

<« in malaria, the mean serum sine value w<« also 
nlonlflcantly lower (67.42 t 3.39 ug/loo ml, „ compared 
to controls, it rose to 73.06 t 1.51 „g^ioo ml after 7 -I 0 
■Jays of antimalarlal therapy, rise was statistically sign!- 

flcant Cp /^ 0 . 02 ), 

Mean aerum copper on day zero was 122.50 + 4,67 ug/ 
ml which was significantly higher then control after 
7-10 days of treatment fall to 117.86 + 4,15 ug/lOO ml, 
blit the difference was no sl^ificant (p "7 o.5). 

(!'>) Statistically there was insignificant difference 

(p ~7 0,5) between tiAercular Vs non tubercular, tubercular 
Vs viral Infectlraoa, tubercular Vs pzotosoal Infections, 
nontubercular V, viral Infections. nontUbercular V. protosoia 

JjnfectloHs and viral Vs pxotoaoal Infiftctlons* 

Tlwrefore it could be cocicluded that • 

it) m have eieeloded the cases who were having severe grade 
of BJalnntritioiv ®asslve oedcuBan liver disordersCesecept* 
renal disordters* ^refore the alterattons in the serian 
*iiic copper valwwi in the present study were ^Stam to 







were at par with those of 


There was tendency for serum ainc sand copper to move 
towards normal values in both acute and chronic infec- 
tions, After 7-l0 days of initiation of therapy though 
the value still remains significantly altered. 


The magnitude of alteration was same in both acute 
and chronic infections prior to initiaticm of therapy 
Hence various types of inactions can not be differeO' 


tlated by singly estimating the mmxvm sine aaad copper 
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